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ABSTRACT

Rare cilia have been noted on cells of normal murine intrahepatic
biliary epithelium. In general structure these cilia resemble typical
kinocilia but the precise internal structure of the ciliary process
has not been ascertained. The function or implication of the presence
of cilia on these cells is not absolutely known; they may represent

embryological remnants without function.



SUMMARY

The Problem:

Many epithelia are composed of cells containing cilia that
function as organs of locomotion to propel materials along the
epithelial surface. Studies with the electron microscope have
demonstrated occasional cilia on a variety of other types of cells
which previously were not suspected to possess these structures.
Since their discovery on cells in which they apparently have little
locomotive importance, conjecture has arisen as to their function
and implication. This report discusses the general problem of
function, specifically in relation to cilia on intrahepafic biliary

epithelium in normal rats.

The Findings:

Kinocilia,which apparently were typical,were found on epithelial
cells of intrehepatic biliary ducts of normal rats. Previous reports
have described these structures on abnormally prolirferated biliary
duct cells and suggestions have been made that the cilia had developed

as a "metaplastic change" of the centriole. Since cilia have now been
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found on normal billary epithelial cells, it is apparent that their
presence on abnormally prolifératéd cells does not represent meta-
plastic change. It is concluded that cilia on bile duct epitheliumn,
as well as on certain other types of cells on which they are rarely
found, possibly have no functional importance and may merely represent

embryological remnants.
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INTRODUCTION

Prior to use of the electron microscope, ciliated cells in bile
ducts of mammals had not been described (1). In recent studies using-
this instrument cilia have been noted on epithelial cells of pro-
liferated intraheﬁatic bile ducts in rats with various experimental
alterations (2, 3; L) and in human beings with extrahepatic biliary
obstructidn (3). 1In these studies ciliated cells were not noted in
normal intrahepatic'bile ducts in these species although the
possibility of their existence was pointed out (3). This report
~describes the.rare occurrence of ciliated cells in small interlobular
and intralobular bile ducts of normal adult rats and discusses their

possible significance.

MATERTALS AND METHODS
Livers from mény untreated normal rats, both male and female, of
the Wistar albino strain were examined as controls during the course
of many'investigations of experimental alterations of hepatic ultra-
structure. Small blocks of tissue were fixed in 1% osmium tetroxide

in veronal buffer or in Dalton's chromate buffer at pH 7.6. Fixation



was carried out at 5°C for 1 hour. Dehydration was accomplished by
changes to progressively ascending concentrations of ethyl alcochol
solution at intervals of 5 to 10 minutes, and tissues were embedded in
Epon 812 by the method.of Luft (5). Thin sectiéns were.cut on a
Porter-Blum ultramicrotome equipped with a glass knife and were
examined in an RCA EMU 2B electron microscope after "staining" on

the grid with saturated aqueous soiution of uranyl acetate.

RESULTS

éilia were rarely.encbuntered.on cells of nofmal mﬁriﬁe intra-
hep&tic biliary epithélium; only six ciliated cel}; wgre‘pbfed‘in maﬁy
hundreds of'séétions studied during a period_of'fivé'years. Oﬁly one
cilium was ngted on-aﬁy section of a biliary eﬁithelial céll. In
general structure the cilia resémbled typical kinpcilia (Figs. 1 énd_
2), measuring ébbut 250 mﬁ‘in diameter, having a basal body of apprbxi-
mately iSO%m}.3OO mi and, in most instances,.possessing an associated
centricle of similar dimensions. 1he lengﬁh énd_pmecise internal
structure of the ciliafy process could not be ascertained bégause
favoraﬁle Jongitudinel sections and cross sections were nct found in
the few instances in which ciliated cells were encountered. AIl

cilie seen were located on the lumenal border of the cell and pro-



Fig. 1

A portion of an intralobular bile duct from a normal rat
showing a cilium projecting into the lumen of the duct.
Magnification X 13,000.

An enlargement of the outlined area. The ciliary process
(CcP) is sectioned tangentially. Basal body (BB) and
centriole (C) are shown. Also indicated are numerous
microvilli (MV). The lumen of the duct is at the top in
both photographs. Magnification X 28,000.



Jected into the duct lumen. Cilia were not seen on hepatic parenchymal
Eellé. o
| DISCUSSION
Studies bylelectrop miséroscopy have recently dembnstrated cilia

on sevéral diverse types ofzcells which were previously not suspected

to possess these strﬁctures. Epitheliél cells.of'normal mﬁfine intra- B

'hepatic bile ducts maj now b° added to thls haiefobenous ‘group which
'1ncludes renal tunor cells (o) and cells of normal renal ep nellum .
(7), cells in pancreatlc 1olets (8), neurons (0), ‘Schwann cells of
unmyellnated nerves (lO), Li‘roblasts (11),_smooth muscle cells (12),
cells in the adenohypophysis (13), cells in the basal lajer of” the
epidermis and cells of tumors arlslnc 1rom “the latubr (14), and pro-
liferated 1ntranepat1c.b111ary epithellal cells 1n;rats (2, 3, 45 and.“
in human beings (3). The struéturenof'tﬁe ciliary processes in these
instances has been characterlstlc of kinoc111a with 9 pellpheral and’
2 central filaments (3,‘6) or a variation of this arrangemenu, In
the latter instance the obsgryed cilia have lacked cencral filaments
(8, 10, 12, 13), or poésessed modified central filements (11), or have
had aberrant nuMberé of perlpheral filaments in addition to lackiﬁg

central filaments (2). In other instances, as in the present study,



the internal structure of the ciliafy process could not be determined
 _(7, 9). Cilia in proliferated biligr&'epithelium have been described
-as having the typical 9-2 - filament patterﬁ‘(3) or an ﬁnusuai 7=0

fiiamént‘patfern‘(é)f Cilia have.been thought to‘be'singlern each
t&pe of‘gell mentioned above eﬁcepﬁ iﬁ.renal tu@ors (6) and in some
inétanées‘of biliary'ductal proliferation (3) in which several cilia
.were noted‘on single cells.

The sigﬁificapce of'thé presence of cilia on biliary epithelial
cells, aé well-as.oﬁ the other fypes of cells previousiy mentioned, is
a matter of speculation. The function of ordinary kinocilia is move-

‘ment, but the apparent paucity of these structures in the types of célls
noted above would seem to indicate t#at they are of limited importance |
in this regard.' The lack of uniformify in ciliary structure and the
heterogeneity of cell type on which they occur would seem to preclude
any function common‘to the group. Various authors have conjectured
that they might have such diverse functions as chemoreception (8, 13),
creation of turbulence in extracellular fluid (3, 7), or initiation of
mitosis (1k4), or that they might be embryological remnants without

function (8, 11). -Others have speculated that their presence indicates



"metaplasia of the centriole"” (4) or reversion of the cell to & more
primitive developmental stete (3). The latter two impressions were
derived from the belief that cilia were present only on pathologically

prolllerated cellu and not on tne normal counterpart. These viewpoints

' are not Ju~tlfled in the case of prollferated biliary or renal epithe-

lial cells since cilia are present on normal cells (7), &s well as on’
jprollleratcd cells (2 3 h o) | L |
_ Blllary epltnellul cellg 01 uhe youno of several non- mammallan :

..vertebraue upec1es and of adalt cecromyzon and certaln adult fro;s,
toads, and reptllef have Jonﬁ oeen Lnowv to pogsess c111a (1). It is

'po,31ole tnat c1lla -on n01mal and prollferated murine billary epithe- :
-: llum and on.uhe other varlcd thes of cells dlscusoed above merely
.represen 'htruccures retalned from embryooenic prOﬂenitors and that

'Lhey conler no dlSulnctlve attributes on the cells posse331nd them.
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